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ABSTRACT 

The process transforming benign cells into malignant cells involves a 
complex series of molecular and structural alterations which are poorly 
understood. One characteristic common to most malignancies is the aberrant 
proliferation of cells. Cellular proliferation is regulated at a number of points 
throughout the cell cycle through complex interaction of many proteins. Together 
these proteins form checkpoints that restrict the ability of cells to progress 
through the cell cycle. Several critically important checkpoints monitor the cells 
prior to the entrance into S phase. These checkpoints ultimately signal the DNA 
synthetic apparatus to begin DNA replication. A multiprotein DNA replication 
complex, DNA synthesome, has been isolated and characterized from human 
cells and found to be fully competent to mediate DNA replication in vitro. 
Proliferating cell nuclear antigen (PCNA) was found to be a component of the 
DNA synthesome. PCNA is an accessory protein for polymerase 8 and is 
involved in DNA repair. A recent study has identified a unique form of PCNA in 
malignant breast cells that significantly differs in isoelectric point (pi) from the 
PCNA found in ndnmalignant breast cells. The purpose of this study was to 
determine whether different types of malignant cells contain the altered form of 
PCNA. To examine this possibility, the DNA synthesome was isolated from 
malignant prostate cells (LNCaP, PC50), malignant colon cells (KGE90, KYE350, 
SW48), cervical cancer cells (HeLa), malignant brain cells (T98) and leukemia 
cells (HL60, CML, AML). The components of the synthesome were resolved by 
2 dimensional gel electrophoresis (2D PAGE). Western blot analysis was 
performed using an antibody directed against PCNA. The results of the analysis 
demonstrated that the altered form of PCNA was present in all of the malignant 
cells examined. These findings suggest that the structural alteration of PCNA 
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may be involved in the development of malignancies due to the critical role 
PCNA has in the DNA replication and repair processes. 
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INTRODUCTION 

Cancer is the second leading cause of death in the United States (Parker 
et a/., 1997). Lung cancer alone was responsible for more than 160,000 caneer 
related deaths in 1997, and it is the leading cause of cancer mortality (Parker et 
ai, 1997). Among men, prostate cancer is the second leading cause of cancer 
related deaths and more than 300,000 new cases were diagnosed in 1997 
(Parker et ai., 1997). Breast cancer is the second leading cause of cancer 
related deaths among women and approximately 180,000 new cases of breast 
cancer were diagnosed in 1997 (Parker et ai, 1997). Colon cancer is also a 
leading cause of cancer deaths in men and women, with 46,000 deaths attributed 
to this malignancy in 1997 (Parker et ai., 1997; Weinberg and Strom, 1995). 
Leukemias and brain cancers are the most common childhood malignancies with 
acute lymphocytic leukemia accounting for 80% of childhood cancers (Parker et 
ai., 1997; Kumar et ai, 1992). 

The origin and clinical manifestations of a malignancy differ for each 
individual cancer. Breast cancers are usually ductal or lobular in origin and 
generally affect post menopausal women (Dickson and Lippman, 1992). 
Prostate and colon cancers generally arise from benign lesions which progress 
into malignancies. Usually these forms of cancer affect people over the age of 
fifty (Isaacs, 1997; Meyers and Grizzle, 1997; Parker et ai, 1997; Johnson, 1995; 
Weinberg and Strom, 1995). Many brain tumors arise from astrocytes and are 
generally refractory to chemotherapy (Kordek et ai, 1996; Dalrymple et ai, 
1994). Cervical cancer has been shown to be caused by human papillomavirus 
(HPV), and generally occurs in women over the age of thirty five (Villa, 1997; 
Parker et ai., 1997). Leukemias, in contrast to solid tumors, arise in the bone 
marrow and result in the circulation of immature white cells in the peripheral 
blood (Kumar et ai, 1992). Leukemia can affect people of all ages but children 



85 



with leukemias have a significantly increased survival rate compared to adults 
(Parker et al., 1 997; Kumar et a!., 1 992). 

The diagnosis of cancer at an early developmental stage is important in 
reducing cancer mortality. The use of mammography to detect developing breast 
cancers has reduced the mortality rate of the disease (Hayes, 1996). Testing for 
the presence of prostate specific antigen (PSA) has enabled clinicians to 
diagnose prostate cancer in men early in its onset (Small, 1997; Gao et a/., 
1997). As a marker, PSA has high sensitivity and specificity and correlates with 
tumor burden (Pandha and Waxman, 1995; Magdelenat, 1992). However, a 
major limitation is the inability to distinguish between benign and malignant 
prostate lesions by evaluating PSA (Pandha and Waxman, 1 995; Magdelenat, 
1992). Routine Pap smear screens have been routinely used for the past twenty 
years and can be beneficial for the early detection and monitoring of cervical 
cancer among women. Although screening methods exist to detect certain types 
of malignancy the basic mechanisms for the development of cancer have not 
been determined. * 

One commonality of virtually all malignancies is the aberrant proliferation 
of cells. Aberrant cell proliferation is presumably due to escape from the normal 
controls which regulate the progression of the cell into specific stages of the cell 
cycle. Recently, an altered form of the protein proliferating cell nuclear antigen 
(PCNA) was identified from malignant human breast cells (Bechtel et al., 
submitted). PCNA is a nuclear protein that is required for DNA synthesis and 
ON A repair. In this report, PCNA was analyzed from a variety of human 
malignancies to determine whether the unique form of PCNA was present only in 
malignant breast cells or whether it was present in other types of malignant cells. 
Several malignant human cell lines were used: LNGaP and PC50 (prostate 
adenocarcinoma); KGE90, KYE350 and SW48 (colon adenocarcinoma); T98 
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(malignant glioma); HeLa (cervical carcinoma); and HL60 (promyelogenous 
leukemia). PCNA was also analyzed from chronic myelogenous leukemia 
specimens, acute myelogenous leukemia sample and serum collected from 
cancer free individuals. 

METHODS 

Cell culture: HeLa cells were maintained in Dulbucco's Modified Eagles 
Medium (DMEM) with 10% bovine calf serum. HL6Q and LNCaP cells were 
maintained in RPM1 1640 media with 10% fetal bovine serum. PC50 cells were 
maintained in Ham's F12K media with 7% fetal bovine serum. KGE90, KYE350 
and SW48 cells were maintained in L-15 medium with 10% bovine calf serum. 
T98 cells were maintained in Eagles MEM with nonessential amino acids, 1.0 
mM Sodium pyruvate and Earies BSS, and 10% fetal bovine serum. 

DNA synthesome isolation: The DNA synthesOme was isolated from LNCaP, 
PC50, KGE90, KYE350, HL60, HeLa, T98 and leukemia cell pellets according to 
published procedures (Coll et al., 1996) with minor modifications. Briefly, cell 
pellets were Dounce homogenized in a buffer containing 200 mM sucrose, 50 
mM Hepes, 5 mM KCI, 2 mM DTT and 0.1 mM PMSF and centrifuged at 2500 
rpm for 1 0 min to remove cell debris and pellet the nuclei. EDTA and EGTA were 
added to a final concentration of 5 mM to the supernatant. One volume of 
nuclear extraction buffer (350 mM KCI, 50 mM Hepes, 5 mM MgCI 2 , 5 mM EDTA, 
5 mM EGTA, 1 mM DTT, 0.1 mM PMSF) was added to the pellet and rocked at 
4°C for 2 hr. The supernatant was centrifuged at 18,000 rpm for 3 min. The 
supernatant was removed and centrifuged at 60,000 rpm for 22 min. The 
resulting supernatant was collected (S3 fraction). The nuclear pellet was 
centrifuged at 22,000 rpm for 3 min. The supernatant was removed and 
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centrifuged at 60,000 rpm for 15 min. The resulting supernatant (NE fraction) 
was combined with the S3 fraction, layered on top of a 2 M sucrose cushion and 
centrifuged overnight at 40,000 rpm. The synthesome fraction was collected for 
analysis. 

2 Dimensional polyacrylamide gel electrophoresis (2D PAGE): DNA 

synthesome protein (20-40 ng) was loaded onto the first dimension tube gel (9.2 
M urea, 4% acrylamide, 2% ampholytes (pH 3-10), and 20% Triton X-100). The 
polypeptides were separated along a pH gradient established using 100 mM 
NaOH and 10 mM H3PO4. The tube gels were placed onto an 8% acrylamide 
SDS gel, and the polypeptides were resolved by molecular weight. The proteins 
were then transferred electrophoretically to nitrocellulose membranes. 

Western blot analysis: An antibody directed against PCNA (PC 10, Oncogene 
Science) was used at a dilution of 1:1000. Immunodetection of PCNA was 
performed using a light enhanced chemilumjnescence system (Amersham). 

Leukemia samples: Chronic myelogenous leukemia (CML) samples were 
obtained from Dr. Moshe Talpaz through a collaboration with the MD Anderson 
Cancer Center. The acute myelogenous leukemia (AML) sample was obtained 
from Dr. Lynn Abruzzo through a collaboration with the Greenebaum Cancer 
Center. 
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RESULTS 

PCNA in Malignant Prostate Cells 

The DNA synthesome was isolated from LNCaP and PC50 prostate 
adenocarcinoma cell lines and the components of the synthesome were resolved 
by two dimensional gel electrophoresis (2D PAGE). Western blot analysis was 
performed using an antibody directed against PCNA to determine whether the 
acidic form of PCNA was present in the malignant prostate cells. The acidic form 
of PCNA was readily detected in both of the prostate cancer cell lines examined 
(Figure 1). 

'it • 

PCNA in Malignant Colon Cells 

PCNA associated with the DNA synthesome was isolated from three colon 
adenocarcinoma cell lines, KGE90, KYE350 and SW48. The components of the 
synthesome were resolved by 2D PAGE followed by Western blot analysis using 
an antibody directed against PCNA. The results of this analysis indicate that the 
three colon cancer cell lines contained the acidic form of PCNA (Figure 2). Two 
of the cell lines (KGE90 and KYE350) only contained the acidic form of PCNA 
while the SW48 cell line contained both forms of PCNA. 

PCNA in Malignant Brain and Cervical Cells 

PCNA was isolated from a malignant glioma cell line (T98) and a 
malignant cervical cancer cell line (HeLa) to determine whether the altered form 
of PCNA was present. 2D PAGE and Western blot analyses were performed 
using a PCNA specific antibody. Figure 3A shows that the altered form of PCNA 
was present in HeLa cells. Figure 3B illustrates that T98 cells contained the 
acidic form of PCNA. 
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PCNA in Leukemia 

Blood samples from patients with chronic myelogenous leukemia (CML) 
and acute myelogenous leukemia (AML), serum collected from cancer free 
individuals, and a human leukemia cell line (HL60) were analyzed to determine 
whether the acidic form of PCNA was present. The DNA synthesome was 
isolated from the leukemia samples and the HL60 cell line and the components 
resolved by 2D PAGE followed by Western blot analysis using an antibody 
directed against PCNA. The protein migration pattern exhibited by PCNA is 
shown in Figure 4. The acidic form of PCNA was identified in HL60 cells (Figure 
4A), the AML sample (Figure 46) and all of the CML samples (Figures 4C-E). 
The acidic form of PCNA was not detectable in the serum collected from cancer 
free individuals. 

DISCUSSION 

The diagnosis of cancer during its earliest stages of development is 
important in reducing cancer related mortality. Currently, a major limitation in the 
diagnosis of most cancers is the inability to reliably detect tumors prior to the 
onset of clinical manifestations. The identification of specific cellular 
transformation events that occur during the initial phase of tumor development 
may be beneficial in identifying novel tumor markers to better detect and monitor 
malignancies. A specific molecular alteration was recently identified in breast 
cancer cells which has the potential to serve as a breast cancer tumor marker 
(Bechtel et a/., submitted). To determine whether the altered form of PCNA was 
also present in other types of cancer cells, several different human malignancies 
were evaluated. 
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Analysis of prostate cancer cells in this study demonstrated the presence 
of the altered form of PCNA. Previous reports indicated that PCNA is strongly 
expressed in prostate cancers and also has been detected in dysplastic luminal 
cells of intraepithelial neoplasia, a premalignant prostate lesion (Pandha and 
Waxman, 1995; Magdelenat, 1992). Gao etal. (1997) reported that PCNA levels 
correlate with the clinical stage and metastatic state of prostate tumors. The 
researchers suggested that PCNA levels have the potential to. be used as a 
prognostic marker for prostate cancer (Gao etal., 1997). 

The colon cancer cell lines examined in this study also contained the 
altered form of PCNA. Studies have shown that PCNA labeling index is 
correlated with tritiated thymidine uptake in assessing the proliferative activity of 
colon tumors (Bleiberg et al., 1993). Neoptolemos et a/. (1995) demonstrated 
that PCNA levels used in conjunction with the Duke's classification system (the 
classification system for colon tumors based on histological examination) 
improved the prediction of survival for colon cancer patients. Mitchell et al. 
(1997) demonstrated that increased levels of PCNA are found in primary colon 
tumors and in resulting lung metastases. It has been shown that PCNA levels 
increase during the progression of benign lesions to malignancy and that 
increased levels are associated with the recurrence of adenomas (Shpitz ef al., 
1997; Paspatis et al., 1994; Risio et al., 1993). Risio et al. (1993) hypothesized 
that the increase in the number of PCNA labeled cells is related to 
hyperprOliferation as well as to the neoplastic deregulation of PCNA synthesis in 
the development of colon cancer. 

Malignant gliomas are composed of heterogeneous subpopulations of 
cells with different cytogenetic compositions making it difficult to identify useful 
prognostic markers (Dalrymple etal., 1995). Previous studies demonstrated that 
PCNA labeling index correlates with the histological grade of the brain 
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malignancy. In the majority of benign astrocytomas, the PCNA labeling index is 
low (Kordek et al., 1996). Kordek ef a/. (1996) also have hypothesized that 
malignant gliomas contain two forms of PCNA, one of which does not have a role 
in DN A synthesis. The results of the present study have indicated that malignant 
glioma cells contain the altered form of PCNA. The functional role of the altered 
form of PCNA needs to be examined in greater detail to determine whether it has 
a role in the development and progression of malignant gliomas. 

The role of PCNA in the development and progression Of CML is not well 
characterized. CML is a biphasic disease characterized by an early chronic 
phase followed by a blast phase (Zaccaria etal., 1995). Takasaki et al. (1984b) 
demonstrated a correlation between the number of leukocytes expressing PCNA 
and the percent of blast cells in blood during the blast phase of CML. These 
investigators also identified the presence of non-blast cells which were positive 
for PCNA in the peripheral blood during the blast phase of CML. This result 
differs from the observation that the non-blast cells were negative for PCNA in 
the chronic phase (Takasaki et al., 1984). The PCNA labeling index for CML 
cells is not significantly different form normal bone marrow cells (Thiele et al., 
1 993) . However, in the chronic myeloid proliferative disorder osteomyelofibrosis, 
there is a significant increase in the PCNA labeling index (Thiele et al., 1994). 
Interferon treatment resulted in decreased PCNA labeling. In the present study, 
the results demonstrated that the leukemia samples examined contain the . 
altered form of PCNA, while samples collected from cancer free individuals did 
not contain the altered form of PCNA. 

Analysis of HeLa cells in the present study revealed that these cervical 
cancer cells contain the altered form of PCNA. Cardillo et al. (1993) found that 
PCNA levels were increased in all cases of invasive squamous carcinoma, 
cervical adenoma, cervical carcinoma in situ (CIS) and cervical intraepithelial 
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neoplasia (CIN) III examined. Smela et al. (1984) demonstrated a significant 
correlation between PCNA index and the severity of cervical dysplasia by 
determining the PCNA levels in CIN I, CIN II and CIN III lesions. Other studies 
found that PCNA index was increased in premalignant and malignant cervical 
lesions compared to nonmalignant tissue (Steinbeck et al., 1995; Raju et al., 
1994; Shurbaji, 1993). Kobayski et al. (1994) concluded that the increase in 
PCNA labeling index suggests that there is considerable alteration of biologic 
activity, including genetic mutations, during the progression of severe cervical 
dysplasia to CIS. 

This study examined several human malignancies for the presence of the 
acidic form of PCNA. The malignancies examined in this study have few 
common characteristics or clinical manifestations. Previously, an altered form of 
PCNA was identified in malignant breast cells. It was demonstrated that the 
unique form of PCNA was not the result of growth stimulation or genetic mutation 
(Bechtel et al., submitted). Further research indicated that differential post- 
translational modification by poly(ADP-ribosylation) was at least partially 
responsible for the presence of the altered form of the protein (Bechtel et al., 
submitted). This report identified the acidic form of PCNA in leukemia, prostate, 
cervical, colon and brain cancers. These data demonstrated a simple molecular 
alteration in the PCNA polypeptide is a common feature between these diverse 
types of cancer, These findings suggest that the acidic form of PCNA may have 
an underlying role in the development of different types of cancer and that these 
cancers may develop as a consequence of a global alteration in the manner in 
which specific cellular proteins are post-translational modified. 
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FIGURE LEGENDS 

Figure 1: The protein migration pattern of PCNA from malignant prostate 
cells. The DNA synthesome was isolated from LNCaP and PC50 prostate 
cancer cells. The components of the synthesome were resolved by 2D PAGE, 
and subjected to Western blot analyses using an antibody directed against 
PCNA. The electrophoretic mobility of PCNA is shown for (A) LNCaP cells and 
(B) PC50 cells. The arrow indicates the position of the acidic form of PCNA. 

Figure 2: The protein migration pattern of PCNA from malignant colon cells. 

The DNA synthesome was isolated from KGE90, KYE350 and SW48 colon 
cancer cells. The components of the synthesome were resolved by 2D PAGE 
and subjected to Western blot analyses using an antibody directed against 
PCNA. The electrophoretic mobility for PCNA is shown for (A) KGE90 cells, (B) 
KYE350 cells and ( C) SW48 cells. The arrow indicates the position of the acidic 
form of PCNA. 

Figure 3: The protein migration pattern of PCNA from malignant brain and 
cervical cells. The DNA synthesome was isolated from malignant glioma (T98) 
and cervical (HeLa) cells. The components of the synthesome were resolved by 
2D PAGE and subjected to Western blot analyses using an antibody directed 
against PCNA. The electrophoretic mobility for PCNA is shown for (A) HeLa 
cells and (B) T98 cells. The arrow indicates the position of the acidic form of 
PCNA. 

Figure 4: The protein migration pattern of PCNA from leukemia cells. The 

DNA synthesome was isolated from HL60 cells, CML samples, an AML sample 
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and serum collected from cancer free individuals. The components of the 
synthesome were resolved by 2D PAGE and subjected to Western blot analyses 
using an antibody directed against PCNA. The electrophoretic mobility for PCNA 
is shown for (A) HL60 cells, (B) AML cells and (C-E) CML cells. The arrow 
indicates the position of the acidic form of PCNA. 
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Figure 2 
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Figure 4 
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